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Dwyer, L.M. and Boisvert, J. B. 1990. Response to irrigation of two
potato cultivars (Solanum tuberosum L. 'Kennebec' and
'Superior'). Can. Agric. Engr. 32:197-203. A field study was con
ducted during two growing seasons to compare the response to
irrigation for two potato cultivars (Solanum tuberosumL. 'Kennebec'
and 'Superior'). Irrigation (approximately 20 mm per event) was
scheduled five times during the first year and nine times during the
secondyearbasedon 50% availablewater in the top 0.40 m in irrigated
(IRR)plots. Control (CON) plots received only rainfall. The effect of
irrigationon growth characteristicsand yield was comparable for both
cultivars. Rooting depth and plant height were unaffected by irriga
tion, while leaf area index (LAI) and above ground dry matter were
increased by an average 49% and 50% respectively, for both cultivars
over two years. Tuber fresh yields tended to increase under irrigation
due to larger numbers of tubers and/or to a greater proportion of
marketable tubers depending on the cultivar and year, but yield in
creaseswere not significant (P > 0.05). Developmentwas delayed by
aboutseven days in IRR plots in the first year, but was hastenedby
sevendays over that in rainfed plots in the drier second year.

Key words: Solanum tuberosum L., water stress, growthcharacter
istics, yield, physiological response.

INTRODUCTION

Potatoes are economicallyimportant in eastern Ontario,Quebec
and the Maritimes and they are well adapted to the light soils
andcool climatesof these regions (Dub6 1981). Total precip
itation is usuallysufficientto compensatefor the seasonaluse
of waterby the crop, but periods of water shortageare com
mon. As consistently high yields require soil moisture be
maintained at or above 50% available water, especially during
the tuber bulking period (Singh 1969; Harris 1978; Van Loon
1981), growers in these regions are questioning the value of
irrigation to potato production.

Potato (Solanum tuberosum L.) is very sensitive to water
stress (Harris 1978; Van Loon 1981; Susnoschi and Shimshi
1985), but sensitivity varies with growth stage. Nelson and
Hwang (1975) characterized the development of the potato
plant and its water use by four stages: (i) emergence to tuber
initiation, (ii) tuber initiation, (iii) tuber bulking, (iv) senes
cence andtuber ripening. Watershortage during tuberbulking
was found todecrease yieldtoa largerextentthanduring other
growth stages because of reduced leaf area or reduced photo
synthesisper unit leaf area (Van Loon 1981).Differences have
also been observed in the response to water stress of different
cultivars (Shimshi and Susnoschi 1985) and in the economic
benefits of irrigation (Marra et al. 1987).

In thisfield study, irrigation was scheduledfor two cultivars
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(Kennebec and Superior) when 50% available water remained
in the soil. The objectives were to compare growth and yield
responses of the two cultivars to irrigation to determine the
benefits from irrigation for these cultivars under the continen
tal climate at Ottawa.

MATERIALS AND METHODS

Cultivars were planted in irrigated (IRR) and rainfed control
(CON) plots on a uniform well-drained sandy loam soil of the
Uplands association (Typic Haplorthod) at Ottawa, Canada
(45° 22TST, 75° 43^) in 1987 and 1988. In 1987, 'Kennebec'
and Superior' seed potatoes were planted May 8 in two blocks
in 12 alternate rows (9 m long, 0.90 m between rows, 0.22 m
between plants). One block was irrigated, the other rainfed;
the rows were sampled as cultivar replications. In 1988,
'Kennebec' and 'Superior' seed potatoes were planted in six
replicate blocks (three 10 m row plots per cultivar randomized
per block; 0.90 m between rows, 0.25 m between plants);
three blocks were irrigated, three were rainfed. In both years,
a 10 m buffer zone was maintained between irrigated and
rainfed plots. Irrigated treatments were not randomized within
theexperimental designbecauseof severeproblemsof sprink
ler drift encountered in previous years, and becauseprevious
studies indicated soil texture and drainage were uniform over
the planted area. Both years, before planting, fertilizer (com
mercial analysis 18-18-18) was banded at a rate of 800 kg/ha.
Planting occurred when soil temperature reached 10°C.

Soil water content was measured twice weeklyat 0-0.40 m
(measured from the soil surface before hilling) at three loca
tions for each cultivar in each block using the time domain
reflectometry technique(Toppet al. 1980).Verticallyinstalled
rods integratedsoil water content over the 0.40 m depth.Hill
ing added approximately 0.20 m soil within the row, so
0-0.40m soil watercontent measurements representthe 0.20-
0.60 m depth measured from hill tops. When average
measured soil water content in IRR plots was < 50% available
water (AW), approximately 20 mm of water were applied to
the irrigated(IRR)plots over a 1.5hourperiod usingsprinkler
irrigation. Available water is defined as that water held
between field capacity (-0.03 MPa) and permanent wilting
point (-1.5 MPa). Soil water content was also measured
from 0-0.20 m (measured from soil surface before hilling) at
the same locations, but these measurements were not used to
schedule irrigation. In 1987, irrigation was scheduled five
times between emergence andsenescence andin 1988 irriga-
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tion was scheduled nine times (Fig. 1). Estimates of soil water
content and actual daily evapotranspiration were made using
'Irrigate', a modified version of the Versatile Soil Moisture
Budget calibrated for potato (Baier et al.1979; Boisvert and
Dwyer 1987; Boisvert et al. 1990). Daily rainfall and potential
evapotranspiration (PE) values calculated using method I
(based on daily maximum and minimum temperatures and
solar energy at the top of the atmosphere) of Baier and
Robertston (1965) indicated the duration of the dry periods
and the evaporative demand resulting in the need to irrigate
(Fig. 1).

In both years, phenology, plant height and fresh and oven-
dried (at 90°C) weight were measured weekly on 12
destructively sampled plants (three from each cultivar in each
treatment). Percent ground cover was visually estimated in the
field using a 1-m square grid with 0.10 m increments centred
on a plant. Total green leaf area was measured weekly in 1987
on two of the three sampled plants of each cultivar using a
planimeter (Li-Cor model 3000, Li-Cor Inc., Lincoln, NE) and
leaf area index (LAI, cm leaf area per cm ground surface
area) was calculated. In 1988, leaf area was measured at the
end of flowering. Tuber fresh and oven-dried weights were
recorded per plant. Three times during development in 1987
(26,47 and 131 days from planting) maximum rooting depth
was measured on the 12 plants. On dayl31, soil volumes were
excavated around one plant of each cultivar in each treatment.
Roots were hand-sorted and root lengths estimated using a grid
technique (Tennant 1975). In 1987, tuber yield was measured
from 12 plants per cultivar per treatment on days 117,124 and
131 from planting. In 1988,30 plants were collected from each
cultivar and treatment on day 141 from planting for tuber yield
measurements.

RESULTS AND DISCUSSION

Soil water content was consistently lower in CON plots than
in IRR plots; soil water content in CON plots dropped below
50% AW for 63% of the measurement period in 1987 and for
50% of the measurement period in 1988 (Fig. 1). Small mean
standard deviations indicated little variability in soil water
content measurements among the three replicate locations
contributing to each data point. Estimates of soil water con
tent using 'Irrigate' were usually within one standard
deviation of the measured average. This close correspondence
gave us confidence in cumulative estimates ofevapotranspira
tion using 'Irrigate* (Fig. 2). However, soil water content
estimates were not used directly to schedule irrigation in this
study.

Total monthly rainfall in 1987 was only 65% of the long
term (1890-1965) average in July and 46% in August (data
from Ottawa CDA climate station). As a result of decreasing
water availability in August the slower-maturing Kennebec
was subjected to drier soil conditions during tuber bulking
than was Superior (Table I). PE values remained moderate
throughout the summer. In 1988 rainfall was very limiting
until June 22; total monthly rainfall in May was only 36% of
the long term average and only 2.2 mm fell between 1 and 21
June. The effect of the water shortage in 1987 was to hasten
senescence in CON plots by about seven days; in 1988 the
more severe stress delayed tuber bulking by the same length of
time (Table I).

Maximum root depth measured in 1987 was unaffected by
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irrigation, did not vary significantly between cultivars and
averaged approximately 0.70 m (measured from the soil sur
face level before hilling) by day 131. Root depths reached 0.40
m by day 47 from planting. Root density measurements (data
not shown) indicated that about 80% of the root length per
plant was in the top 0.40 m. These results suggest that irriga
tion scheduling based on soil water content in the top 0.40 m
was appropriate for this crop. Although soil water content
from 0-0.20 mwas an average 0.035 mm"3 lower than from
0-0.40 m in CON plots during the measurement period (data
not shown), soil water from 0.20-0.40 m was accessible by
potato roots.

Weekly measurements of above ground growth characteris
tics and cumulative daily crop evapotranspiration were similar
for both cultivars but differed according to irrigation treatment
in 1987 (Fig. 2). Standard deviations of above ground growth
characteristics were less than 25% of the means. There was no

significant effect of irrigation on height or ground cover (P>
0.05) but above ground dry matter and LAI were significantly
larger in IRR than CON plots P< 0.05). Initial rates of increase
in height, ground cover, dry matter and LAI were slightly more
rapid in Superior than Kennebec but differences in plateau
levels in Fig. 2 were not statistically significant (P>0.05).
Estimates of water use from emergence to senescence were
similar for the two cultivars in 1987. Larger differences in
water use between IRR and CON plots appeared at the late
tuber bulking stage as rainfall decreased in August. Senes
cence began earlier in Superior (Table I) and there was a
slightly wider divergence in water use between IRR and CON
plots for Kennebec.

There was a tendency for irrigation to increase tuber yield
in 1987 (Fig. 3) but the increase was not statistically signifi
cant (P>0.05). Weekly standard deviations were less than 25%
of the means. Tuber moisture content decreased with num
ber of days from planting, but there were no significant (P
>0.05) cultivar or treatment effects (Fig. 3).

Table II compares plateau values of growth characteristics
and harvest yields for the two years. The time to reach 100%
ground cover and the crop height at 100% ground cover were
similar for both cultivars and treatments. Irrigation had a
significant effect on maximum LAI and above ground dry
matter of both cultivars in both years (P< 0.05). However, the
increase under irrigation was larger for Kennebec in 1987 and
larger for Superior in 1988. We hypothesize that the dry period
in July and August 1987 had a greater effect on the above
ground development of the slower developing cultivar, Kenne
bec. In 1988, die earlier drought in May and June affected the
above ground development of Superior more adversely. Al
though there was a tendency in both years for both cultivars to
have larger tuber yields under irrigation, the differences be
tween treatments were not statistically significant (P>0.05).

Number and size distribution of tubers at harvest are sum

marized in Table III. In general, there was a tendency for
irrigation to produce more tubers, and a higher proportion of
marketable tubers (i.e. Canada number 1 and 2 grade tubers).
Although the trend is consistent, scatter in the data is quite
high and differences between treatments were not statistically
significant (P>0.05). The fact that there was a higher propor
tion of marketable tubers, particularly Kennebec tubers, in
1988 than in 1987 suggests that they benefitted from the longer
time to harvest in 1988. When the total tuber yields from Table
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Fig. 1. Average volumetric soil watercontent for a) Kennebec in 1987 and b) Superior in 1988 with corresponding daily
precipitation and PE values.
Horizontal line in a) andb) indicates 50% A.W. andarrows indicate scheduled irrigations. Solidlinesrepresent IRR
measurements, dotted lines represent CON measurements. A mean standard deviation is plotted near each
treatment, calculated from three replicate measurements for each data point plotted.
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Table II. Comparison of growth characteristics and yield (mean ±1standard deviation) for Kennebec and Superior in
IRR and CON plots in 1987 and 1988.

1987

KENNEBEC SUPERIOR

IRR CON IRR CON

days to 100%
ground cover 60 60 53 53

height (m) at
100% ground cover 0.63 ±0.08 0.65 ± 0.08 0.68 ±0.08 0.68 ±0.11

maximum LAI 5.3 ± 0.25 3.7 ±0.4 4.8 ±0.4 3.5 ±0.5

maximum above ground
dry matter 9g/m ) 712152.8 465 ±36.0 688 ±40.5 514 ±35.6

tuber yield (t/ha)
at harvest* 49.8 ±9.6 41.7±5.7 53.8 ± 9.3 46.5 ± 5.0

1988

KENNEBEC SUPERIOR

IRR CON IRR CON

days to 100 %
ground cover 58 64 58 64

height (m) at
100% ground cover 0.67 ±0.08 0.69 ±0.11 0.67 ±0.14 0.65 ± 0.58

maximum LAI 4.8 ±0.9 3.2. ±0.1 4.6 ±1.2 2.7 ±0.1
maximum above ground

dry matter (g/m2) 610 ±49.5 396 ±50.6 544 ±76.6 329 ± 24.0
tuber yield (t/ha)

at harvest* 65.1 ±7.7 54.7 ±9.9 64.7 ±6.8 51.1 ±8.5

* 1987 yields derived from agrouped sample (days 117,124 and 131 from planting): 1988 yields derived from asample taken day 141 from
planting

Table m. Comparison of tuber yield components (mean ±1 standard deviation) for Kennebec and Superior in IRR
and CON plots.

Tuber Size Distribution (% of yield)
Number

(An2)
Marketable

>40mm 40-55 mm 55-75 mm 75-115 mm Tubers*

1987

Kennebec - IRR 49.9 ±4.9 32.2 ±21.2 26.6 ±13.7 32.0 ±17.1 9.2 ±16.7 67.8
Kennebec - CON 45.2 ±8.5 35.2 ±20.8 27.4 ±20.5 30.7 ±20.3 6.7 ±8.8 64.8
Superior - IRR 44.8 ±4.8 18.9 ±.15.7 26.7 ±16.3 45.9 ±19.9 8.5 ± 12.8 81.1
Superior - Con 51.8 ±6.9 23.3 ± 15.8 30.9 ±19.4 42.0 ±19.0 3.8 ± 10.7 76.7

1988

Kennebec - IRR 61.7 ±6.4 11.9 ±14.3 45.8 ± 6.6 42.3 ± 13.2 0 88.1
Kennebec - CON 43.8 ± 8.4 28.8 ±20.0 45.6 ±18.2 25.6 ±27.6 0 71.2
Superior - IRR 54.5 ± 6.3 14.0 ±16.8 39.3 ± 18.9 45.5 ±20.4 1.2 ±2.9 86.0
Superior - CON 44.9 ±8.6 16.7 ±11.4 55.4 ± 8.7 27.9 ±15.7 0 83.3

* Based onsystem for Canada 1and 2 grade (Conseil des productions vegetables du Quebec, 1983).
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II are corrected to reflect only Canada number 1and 2 grade
tubers, 1988 produced significantly larger (P <0.05) yields
than 1987, an average of 56.5 t/ha for IRR and40.8 t/ha for
CON plots,as compared to 38.7 t/ha for IRR and31.3 l/ha for
CONplots in 1987. The relatively large differences in Canada
number 1and 2 grade tubers between 1987 and 1988 (32% for
IRR and 23% for CON plots) are due to the later harvest time
in 1988 which allowed small tubers togrow tomarketable size.

CONCLUSION

Both Kennebec and Superior showed a similar response to
irrigation. LAI and above ground dry matter increased by an
average overbothcultivars and years of49%and50%respec
tively, underirrigation. Tuber yields tended to increase due to
a higherproportion of larger (marketable) tubers and also to a
larger numberof tubersunderirrigation, but the increases were
not significant (P>0.05). Results suggest that irrigation bene
fitsto tuberyieldareless thanwould be expected from avisual
appraisal of above ground growth. The additional leaf areaand
above ground dry matter resulting from irrigation were not
reflected in significantly higher tuber yields, perhaps because
the timing of irrigationresulted in preferential allocation to the
shoot rather than the tuber. Growth analysis under irrigated
and rainfed conditions has the potential to improve irrigation
criteria to optimize water use for tuber yields.
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